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Burkina FasoIn the climate change context, widely distributed plant species can serve as relevant barometers of ecosystems'
sensitivity or resilience to disturbances. This study aimed at assessing the population structure and individual
morphological traits of Anogeissus leiocarpa, a widespread tree species, across a broad strip of land, from the
north to the south of Burkina Faso.Wecompared stands in four phytogeographical zones in order to analyzemor-
phological variations in trees and recruits density, individual size and their spatial structure. Our results showed
signiﬁcant increase of tree density from the Sahel (77.1 trees/ha) to the South-Sudanian (166 trees/ha) while di-
ameter, height and basal area had an opposite trend. No recruits were found in the Sahel stands, while their den-
sity increased from the Sub-Sahel (5.17 individuals/ha) to the South-Sudanian (6.46 individuals/ha). Tree
diameters revealed positive asymmetric distributions in the Sudanian and Sub-Sahel whereas the Sahel stands
showed a symmetric distribution. Height structure of saplings revealed “J reverse” shape in Sudanian stands
while Sub-Sahelian ones exhibited Gaussian shape. Height–diameter relationships revealed thin trees towards
the south-Sudanian. The spatial structure of trees indicated random distributions in all zones whereas recruits
presented aggregative distribution trend in the Sudanian zones. A. leiocarpa's trees have a good ability to support
broad climatic ﬂuctuations but the populations' rejuvenation is unpredictable in the extreme harsh conditions.
The species is fairly resilient to anthropogenic disturbances in Sub-Sahel and Sudanian zones. However, manag-
ing issues should pay attention to the species communities by considering its demographic behavior in the health
state appreciation of ecosystems.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Plant species with wide distribution range are exposed to a great
variation of climatic conditions. Individuals and populations react to the
wide amplitudes of environmental factors through varying responses
(Swenson and Enquist, 2007; Aitken et al., 2008). Developing broad
adaptation strategies is particularly a requirement for species which are
distributed along a large latitudinal gradient including dry and humid
areas (Palmroth et al., 1999; Aitken et al., 2008; Bognounou et al.,
2009). The recent climate events in West Africa region were marked by
recurrent droughts in the Sahel between 1960 and 1980 (Agnew and
Chappell, 1999) and a decreased annual rainfall (i.e., precipitations and
rainy days) accompanied by mean temperature increase in the Sudano-
Guinean and Guinean zones (Gnanglè et al., 2011). The droughts have
caused high mortality in some woody species in the Sahel, changing
radically their population structures (Ganaba, 1994). Evident long termersité d'Abomey-Calavi, Faculté
9 21303084.
édraogo),
niv-ouaga.bf (A. Thiombiano).
y Elsevier B.V. All rights reserved.consequences of such disturbances are the shifts in the species distribu-
tion areas (Lykke et al., 1999). However, although drought frequency
and severity are predicted to increase across numerous continental inte-
riors, the consequences of these changes for dominant plants are largely
unknown (Mueller et al., 2005).
In West Africa, the climate induced distribution of plant species is
scarcely documented (Thiombiano et al., 2006). Several ecological
investigations have dealt with the population structures and dynamics
of some useful tree species in many parts of Occidental Africa, at local
scale (e.g., Bonou et al., 2009; Nacoulma et al., 2011; Glèlè Kakaï et al.,
2011) and national scale (e.g., Ouédraogo, 2006; Sambaré et al., 2011;
Fandohan et al., 2011). However, few of them have specially addressed
the detailed understanding of wide distributed species. This is the case
for Anogeissus leiocarpa (DC.) Guill. & Perr., which has an exceptional
ecological amplitude being the main woody species from the old dry
Sudano-Guinean forest that is found after the tropical rain forest with a
global distribution range from the Sahara borders to the equatorial
forest (White, 1983). In West Africa, the species is found from the
extreme Sahel to the Guinean zone (Aké Assi, 2001; Ouédraogo, 2006;
Thiombiano et al., 2006). A. leiocarpa is a high value species which is
somewhere under strong anthropogenic pressure (Assogbadjo et al.,
Fig. 1. Study area, with the main localities sheltering a climatic station per phytogeographical zone.
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timber and ﬁrewood (Lykke et al., 2004; Traoré et al., 2011). It is also
considered as an indicator of fertile soils (Thiombiano, 2005), the conse-
quence is the clearance of the species natural stands for agriculture. Previ-
ous studies have suggested that A. leiocarpa needs effective conservation
attention in natural stands to guarantee its persistence and to avoid a
shortage of its products (Assogbadjo et al., 2009; Schumann et al.,
2011). This suggestion is particularly true as other investigations haveTable 1
Main climatic traits and soil types in the four phytogeographical zones.
Phytogeographical zone Locality Isohyets (mm)a:
1960–2000
Rainy season
Sahel Gorom–Gorom 300–500 July–Septem
Sub-Sahel Sebba 500–650 July–Octobe
North-Sudanian Fada N'Gourma 650–900 June–Octobe
South-Sudanian Pama 900–1100 May–Octobe
a Isohyets are derived from global climate data provided by WorldClim (Hijmans et al., 2005
b Mean numbers of rainy days were recorded between 2000 and 2011 (source: National Ofﬁ
c Temperatures are extreme ones from 1980 to 1998 (Pigeonnière and Jomni, 1998).
d Soil types are indicated according to the FAO classiﬁcation (WRB, 2006).revealed a weak natural regeneration of the species. One of themain rea-
sons of the bad regeneration in A. leiocarpa is the high level of infertile
seeds of fruits (Kambou, 1997), being the cause of very low germination
rates (Ouédraogo et al., 2005). Understanding the population patterns
and underlying intrinsic factors is determinant for the conservation and
sustainable management of widespread distributed species across
different biomes. For an efﬁcient conservationmanagement ofA. leiocarpa
it is necessary to carry out detailed analyses of its population state in aperiod Number of rainy days
(mean ± SD)b
Temperature (°C)c:
min–max
Soil typesd
ber 27.6 ± 5.7 12.5–47.2 Gleysols
Leptic–Luvisols
Luvisols
Solonetz
r 42.9 ± 7.5 14.2–42.7 Leptic–Luvisols
Leptosols
Luvisols
Solonetz
r 58.0 ± 4.8 15.1–41.4 Leptic–Luvisols
Leptosols
Luvisols
r 68.8 ± 4.9 16.2–38.5 Gleysols
Leptic–Luvisols
Leptosols
Luvisols
).
ce of Meteorology).
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patterns of A. leiocarpa across a latitudinal gradient, from the extreme
North-Sahelian to the South-Sudanian zones of Burkina Faso. The objec-
tives of the studywere (i) to assess the structural patterns of the species
population across the latitudinal gradient; (ii) to examine the tree
morphological traits (height, diameter, number of stems) according to
the phytogeographical zones and (iii) to analyze the distribution pat-
terns of A. leiocarpa individuals in natural stands.
The inputs from such an overview study on population patterns of a
widespread species are expected to serve for efﬁcient future integrated
management strategies.
2. Materials and methods
2.1. Study area
Research was carried out over a broad strip of land across Eastern
Burkina Faso crossing the country from North to South and located
between 10°55′–15°20′ N, 1°03′W–2°30′ E (Fig. 1).
This area encompasses four phytogeographical zones (Fontes and
Guinko, 1995) with a Sahelo-Sudanian climate type characterized
by two contrasting seasons. The reference localities (with a climatic
station) of the four phytogeographical zones are consigned in Table 1
with their main climatic and soil traits. Rainy period is included in
the interval from May to October and varies from the Sahel to
the south-Sudanian. The mean annual rainfall for the three last
decades (1980–2010) ranged from 386.4 ± 96.7 (Sahel) to 862.2 ±
128.4 mm (south-Sudanian) and variations in temperature were limit-
ed in all localities (Fig. 2). The relief is a large peneplain giving an overall
landscape of plateau with few scattered hills, among them the mostFig. 2. Ombrothermic diagrams of localities with climatic station pe
Source: National Ofﬁce of Meteorology, Burkina Faso.remarkable is the Gobnangou chain from the south, at the border
with Benin. Principal vegetation types are steppes in the Sahel and
mosaic of savannas in the Sudanian zones. Themain human activities
related to natural resources exploitation are dominated by agriculture
(mainly subsidence but signiﬁcant increasing crash crops cultivation
of cotton) and livestock farming.
2.2. Study species
A. leiocarpa (Combretaceae) is a deciduous tree species that can
grow up to 15–18 m of height and measure up to 1 m diameter
(Arbonnier, 2002). This species is the typical element of woodlands
and savannas of the Sudanian regional center of endemism (White,
1983). It has an exceptional ecological amplitude that allows it to
occur from the Sahara borders to the equatorial forest. It is themain spe-
cies from the old dry Sudano-Guinean forest that was found out of the
tropical rain forest (Wickens, 1976; White, 1983). In West Africa, the
distribution of A. leiocarpa spreads from the northern Guinea zone up
to the Sahelian zone in savanna, dry forests and gallery forests
(Couteron and Kokou, 1997; Müller and Wittig, 2002; Thiombiano
et al., 2006). The fruiting of the species is a subglobose cone-like head,
with 40 broadly winged fruits of 10 mg each, easily dispersed by the
wind (Hutchinson andDalziel, 1954; Hovestadt et al., 1999).A. leiocarpa
reproduces by seeds as well as vegetative propagation (Ouédraogo,
2006; Bognounou et al., 2010).
2.3. Data collection
The inventory design followed a random sampling scheme and was
applied in natural stands dominated by A. leiocarpa across the sitesr phytogeographical zone. Data from the period 1980 to 2010.
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50 m × 20 m principal plots for trees (diameter at breast height
(dbh) ≥ 5 cm), each associated with two sub-plots of 5 m × 5 m for
regeneration individuals (dbh b 5 cm). Number of principal plots
were 15, 20, 28 and 23, respectively in the Sahel, Sub-Sahel, north-
Sudanian and the south-Sudanian zones according to the occurence of
A. leiocarpa during the natural stands prospecting in the study area.
In each principal plot, treemorphological parametersweremeasured:
stem diameter at 1.3 m (dbh), total height, crown small and large diam-
eters, and number of stems (ramiﬁcation below 1.30 m). The Cartesian
coordinates (X–Y) of trees were also recorded in the principal plots. In
the sub-plots, the quantitative inventory of regeneration consisted in
individual counting, and measuring their total height as well as the
number of their stems.
2.4. Data analysis
2.4.1. Assessing structural parameters of populations
For each population of A. leiocarpa, the following dendrometric
parameters were calculated:
– The tree-density of the stands (N), i.e., the average number of trees
per plot expressed in trees/ha:
N ¼ n=s ð1Þ
n is the overall number of trees in the plot, and s the area of plot
(s = 0.10 ha).
– The number of stems per individual, i.e., the stem/individual ratio
per plot. It was computed for trees (Nt) and recruits (Ntr):
Nt ¼ St
n
ð2Þ
n is deﬁned as in Eq. (1) and St is the overall number of stems.
– The mean diameter of trees (Dg, in cm), i.e., the diameter of the tree
with the mean basal area in the stand:
Dg ¼ 1
n
Xn
i¼1
d2i
 !1=2
ð3Þ
where n is deﬁned as in Eq. (1), and di the diameter of the ith tree.
For a tree i, branched into k stems below 1.3 m, its diameter di was
computed as the quadratic sum of diameters, dsj (j = 1,…, k) of
the stems: di ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
∑
k
j¼1
ds2j
s
– The basal area of stands (G, in m2/ha), i.e., the sum of the cross-
sectional area at 1.3 m above the ground level of all trees on a plot,
expressed in m2/ha:
G ¼ π
4s
Xn
i¼1
10−4d2i ð4Þ
di is the diameter of the ith tree of the plot; s = 0.10 ha.
– The Lorey'smeanheight (HL, inmeters), i.e., the average height of all
trees found in the plot, weighted by their basal area (Philip, 2002)
computed as follows:
HL ¼
Xn
i¼1
gihi
 !
=
Xn
i¼1
gi
 !
with gi ¼
π
4
d2i ; ð5Þ
gi and hi are respectively the basal area and the total height of tree i.
– Themean crown diameter (Dc, inmeters)was computed as follows:
Dc ¼ 1
n
Xn
i¼1
Csi þ Cli
2
 
; ð6ÞCsi and Cli are respectively the small and large crown diameters for
tree i.
– The density of recruits (Ntr, individuals/ha), i.e., the average number
of recruits per ha and computed using formula (1), in which n is the
number of recruits.
– The mean height of recruits, i.e., the average height of all regenera-
tion individuals found in a plot.
– Percentages of infested and pruned trees were also computed for
each plot.
Mean and standard deviation of the structural parameters deﬁned
above were computed for A. leiocarpa populations in each phytogeo-
graphical zone. Moreover, the different zones were compared using
one way-analysis of variance applied to log transformed data from
plot. Logarithmic transformation of the parameters was applied before
ANOVA in order to normalize the data and stabilize populations' vari-
ances. In case of signiﬁcant difference between the 4 zones, Student–
Newman–Keuls test has been applied to classify the zones according
to their values of the structural parameters.
2.4.2. Characterizing stem diameter and height structures of populations
along climatic gradient
To establish the stem diameter structure, diameters of all trees
(dbh ≥ 5 cm) were used to construct histograms. Height structure
was established for regeneration individuals (dbh b 5 cm). In both
cases, the observed shapewas adjusted to the 2-parameterWeibull the-
oretical distribution because of its ﬂexibility (Johnson and Kotz, 1970):
f xð Þ ¼ c
b
x
b
 c−1
e−
x
b½ c ; ð7Þ
where x is the tree diameter (or recruits height); b = scale parameter
linked to the central value of diameters and heights; c = shape param-
eter of the structure.
As only trees with a stem diameter greater than 5 cm (or height of
recruits greater than 1 cm) were considered, we ﬁtted the probability
distribution function by f(x) / (1 − F(a))where x represents the diam-
eter of trees (or height of recruits), f is the 2-parameter Weibull distri-
bution function (see Eq. (7)), F the 2-parameter Weibull cumulative
distribution function and a the threshold value (5 cm for stem diameter
distribution and 1 cm for height distribution of recruits).
The adjustment of theWeibull distribution to the histograms helped
in well describing and interpreting the shape of the stem diameter and
height structures. For each phytogeographical zone, diameters of trees
(or height of recruits) were used to estimate the parameters b and c of
Eq. (7) based on the maximum likelihood method (Johnson and Kotz,
1970).
2.4.3. Modeling height–diameter relationship of trees along climatic
gradient
Height–diameter relationship was established for A. leiocarpa trees
in each phytogeographical zone by adjusting the model that gave the
best ﬁt:
h ¼ aþ blnd ð8Þ
where h is the total height of trees and d is the diameter; a = constant;
b represents the logarithmic coefﬁcient of trees shape, expressed in
meters/centimeter; it represents the increase in meter of height per
logarithmic increase in centimeter of the dbh.
2.4.4. Assessing spatial patterns of trees in different phytogeographical
zones
Ripley's K-functionswere used to test the absence of departure from a
completely random spatial distribution. Considering λ, the density func-
tion of the spatial distribution of trees and K(r) its second order property,
the expected number ni of neighbors in a circle of radius r centered at any
Table 2
Mean (m) and coefﬁcient of variation (cv, %) of structural parameters of A. leiocarpa populations in different phytogeographical zones.
Parameters Sahelian zone Sub-Sahelian zone North-Sudanian South-Sudanian Prob.
m cv m cv m cv m cv
Trees
Tree-density, N (trees/ha) 77.1b 22.1 146.0a 41.8 197.5a 35.2 166.0a 32.0 0.012
Number of stems/tree, Nt (stems/tree) 1.3 20.8c 1.5 18.7c 1.7 34.3a 1.7 28.7b 0.002
Tree diameter, D (cm) 49.5a 19.5 20.5b 18.6 23.0b 42.7a 17.2 14.2b 0.000
Height, H (m) 11.4a 26.4 10.8b 19.1 11.1a 32.1 10.8b 21.0 0.002
Basal area, G (m2/ha) 15.8a 48.6 4.6b 29.2 7.8b 58.6 3.9b 38.0 0.034
Crown diameter, Dc (m) 5.9 31.5 6.2 21.2 7.5 44.7 6.8 18.2 0.234
Percentage of infested trees (%) 56.8a 57.4 11.5b 98.9 20.2b 113.2 18.0b 137.7 0.001
Percentage of pruned trees (%) 56.0a 78.3 21.5b 37.5 28.5b 80.7 21.8b 63.4 0.000
Recruits
Density, Ntr (plant/ha) 0 – 5.17b 4.49 5.81b 7.12 6.70a 6.46 0.049
Number of stems per plant, Ntr (stems/indiv.) – – 1.41b 0.24 2.48a 1.82 2.56a 2.66 0.021
Height, Hr (m) – – 1.29a 0.36 0.94b 0.74 0.79b 0.55 0.033
Probability values were derived from ANOVA on log-transformed data of the parameters.
Values with the same letter on the same line are not signiﬁcantly different (Student–Newman–Keuls test).
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Besag (1977) was used with its estimator bL rð Þ ¼ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃbK rð Þ=πq −r which
expectation value is zero for any value of r when the null hypothesis
(random spatial distribution) is true.
To test the signiﬁcance of the L(r) function, aMonte Carlo procedure
was used. It consisted in randomly repositioning all points of the plot
that generated the L(r) functions. A 95% conﬁdence interval was built
with 1000 simulations for each value of r from 0.5 m to 20 m with R
software. The null hypothesis was rejected when the sample statistic bL
rð Þ was greater than the upper conﬁdence limit (positive) or smaller
than the lower conﬁdence limit (negative) and corresponded respec-
tively to a clumped distribution and over-dispersed distribution
(Haase et al., 1996).
3. Results
3.1. Structural parameters of populations in the different phytogeographical
zones
Mean values and standard deviation of structural parameters of A.
leiocarpa in the four phytogeographical zones are presented in Table 2.
Except for crown diameter of trees, the other parameters presented
signiﬁcant differences between populations of different phytogeo-
graphical zones. In general, tree-density and number of stems per tree
increased from the Sahelian zone (77.1 trees/ha and 1.3 stem/tree) to
south-Sudanian one (166 trees/ha and 1.7 stem/tree). The other struc-
tural parameters (tree diameter, height and basal area) exhibited an
opposite trend, i.e. they decreased from the Sahelian to the south-
Sudanian zone (Table 2). Infested and pruned trees were more impor-
tant in the Sahel (56.8 and 56.0%, respectively for infestation and prun-
ing) and signiﬁcantly decreased as one is closer to the south-Sudanian
zone (24.8% of infested trees and 13.8% of pruned trees).
As far as recruits of A. leiocarpa are concerned, all the parameters
presented signiﬁcant differences between populations from the different
phytogeographical zones. There were no recruits in the stands of the
Sahelian zone. Density of recruits and number of stems per recruit
increased from the sub-Sahel (5.17 individuals/ha and 1.41 stem/plant)
to the south-Sudanian zone (6.46 individuals/ha and 2.56 stems/plant).
The mean height of individuals showed an opposite trend, i.e. 1.29 m in
the sub-Sahel and 0.79 m in the south-Sudanian zone (Table 2).
3.2. Stem diameter and height structure of the populations
The stem diameter distributions of A. leiocarpa trees revealed a posi-
tive asymmetric distributionwith the shape parameter (c) of theWeibulldistribution, ranged from 1.51 to 3.05 for the populations of the south-
Sudanian, north-Sudanian and sub-Sahel. Such distributions revealed
the predominance of individuals with small diameter (5–15 cm) and
were very marked in the north-Sudanian zone (Fig. 3). The occurrence
of young trees in these phytogeographical zones indicated a relatively
stable population with good potential of regeneration. Individuals
with the largest diameters (more than 80 cm) were found in the
Sahelian and north-Sudanian zones. However, in the Sahelian zones,
populations of A. leiocarpa had a symmetric stem diameter distribution,
with largest trees having more than 80 cm of diameter whereas
smallest individuals had more than 20 cm.
As far as the regeneration is concerned across the phytogeographical
zones, stem height structure of recruits indicated a “J reverse” shape for
populations of Sudanian zones, with the highest frequency of small
recruits. In the sub-Sahel, height structure of the regeneration population
had a Gaussian shape and the tallest recruits (Fig. 4).
3.3. Height–diameter relationship of trees across the phytogeographical
zones
The shape of A. leiocarpa trees, described through height–diameter
relationship indicated a logarithmic link between both parameters,
with coefﬁcients of determination around 0.5 in all phytogeographical
zones (Fig. 5). Logarithmic coefﬁcient of trees' shape increased signiﬁ-
cantly from the south-Sudanian (b = 4.59 m/cm) to the Sahelian zones
(b = 8.01 m/cm), indicating thin shape trees towards the south-
Sudanian zone.
3.4. Spatial patterns of trees across phytogeographical zones
The spatial structure of trees revealed a general random spatial
distribution in all phytogeographical zones (Fig. 6). As far as the recruits
are considered, they presented aggregative distribution trend in the
Sudanian zones. In the sub-Sahel, clumped distribution was observed
for low radius of observation (0.27 m to 0.70 m) and became random
elsewhere (Fig. 7).
4. Discussion
4.1. Variation inmorphological traits and population structure of A. leiocarpa
Our results illustrate that, apart from crown diameter, the climatic
gradient may have signiﬁcant impact on A. leiocarpa morphological
traits and population structure, but that responses to climatic gradient
vary signiﬁcantly between phytogeographical zones. In the drier Sahelian
phytogeographical zone, trees are distinctly bigger and higher suggesting
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Fig. 3. Stemdiameter structure ofA. leiocarpa trees across the phytogeographical zones. Legend: shape: describes the shape of theWeibull curve (standard value = 3: normal distribution;
shape b 3: right-skewed curve; shape N 3: left-skewed curve); scale: deﬁnes the position of the Weibull curve relative to the threshold like the mean deﬁnes the position of a normal
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(SCDs) where there are fewer juvenile trees compared to adult ones.
This population pattern is consistentwith previous studies, which report-
ed that the species is extinguishing in the Sahel of Burkina Faso where its
habitat is conﬁned to the wet stations (Thiombiano, 2005; Ouédraogo
et al., 2005; Thiombiano et al., 2006). The signiﬁcant low tree density as
well as the high level of infested trees and absence of natural recruitment
are more proofs of the declining trend of the species in the Sahel. It is
also in this phytogeographical zone that the species shows the highest
percentage of pruned trees, being aworsening factor of population degra-
dation. Previous investigations in the Sahel reported the unpredictable
regeneration in dominant woody species, among them A. leiocarpa,
that is manifested by intermittent or total absence of regeneration
(Couteron, 1997; Ouédraogo et al., 2006a, 2006b; Bognounou et al.,
2010). The absence of A. leiocarpa recruits in the Sahel is a result of the
combined impact of anthropogenic disturbances and substrate as well
as climate hardness. Indeed, the species faces poor germination (due to
the grazing pressure, the extreme soil conditions: ﬂoods and dryness)
and seedling high mortality due to severe droughts. A. leiocarpa is docu-
mented to be sensitive to shallow soils (Couteron and Kokou, 1997)
that are favored in the Sahel by the continuous intensive erosion. In the
Sudanian zone, the establishment of seedlings is favored by the liter
(Ouédraogo, 2006).
The general decreasing mean values of tree morphological parame-
ters towards the south-Sudanian zone suggest younger and healthier
populations. The opposite state for trees and recruit densities conﬁrms
these effects that are illustrated by SCD curves. Sudanian zones appear
to be the optimum ecological area for A. leiocarpa in Burkina Fasoregarding the species highest tree densities aswell as the characteristics
of recruitment. Although recruits occur across a wide area range, from
the sub-Sahel to the south-Sudanian, like previous studies have report-
ed (Bognounou et al., 2010), population densities and individuals' traits
are signiﬁcantly different. The increasing number of primary branches is
documented as a growth performance in tropical trees (Weber et al.,
2008). In this line, the signiﬁcant high numbers of stems per recruits
in the Sudanian zones indicate better coppicing ability (Bellefontaine,
2005) of the species. Multi-stemmed trait is documented to increase
resilience to varying environmental conditions and to be an advantage
for saplings in terms of chance to survive in disturbed environments
(Zida et al., 2007; Gnoumou et al., 2011). This argument is supported
by Ouédraogo and Thiombiano (2012) who reported that the new
recruits for many semi-arid tree species range between 0 and 0.5 m
height. Our results concerning recruitment are in line with previous
studies which have reported successful regeneration for A. leiocarpa in
the Sudanian semi-arid savannas of West Africa in different land-use
types including cropland, fallows and parks (Assogbadjo et al., 2009;
Schumann et al., 2011).
The values of the coefﬁcients of determination (R2 = 0.45–0.53) in
the height–diameter relationship suggest that both parameters are
interdependent. The diameter of trees explains part of variability of
height and vice versa. The relationship of height–diameter is submitted
to exogenous factors, since it varies from one stand to another (Calama
and Montero, 2004) and is not constant in the same stand over time
(Curtis, 1967). The stand dominant factors are the pedological and
climatic conditions aswell as vegetation types aswas previously report-
ed for Afzelia africana and Pterocarpus erinaceus, two common tree
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Bonou et al., 2009). According to tree age, stronger link exists between
height and diameter at the younger stage (Rondeux, 1999; Philip,
2002). The anthropogenic pressure, like pruning and cutting, that
A. leiocarpa is facing in all phytogeographical zones (Ouédraogo
et al., 2005; Ouédraogo, 2006; Schumann et al., 2011) can evidently
disturb the normal relationship of height–diameter.
The relative low values for tree diameter, height and basal area that
reﬂect apparent younger population in the sub-Sahel compared to the
north-Sudanian, are due to the habitat preference of the species. Indeed,
in the sub-Sahelian transition zone, populations occurmainly in shallows
where good humidity conditions favor renewal while the species
colonizes all habitats in the Sudanian zones, including even dry
habitats like hills as also observed by Ouédraogo (2006).
4.2. Distribution and spatial patterns of A. leiocarpa
The occurrence of A. leiocarpa at all latitude in Burkina Faso was
reported by Terrible (1984) and conﬁrmed by recent researches
(Thiombiano et al., 2006; Sambaré et al., 2011). Despite the severe
drought episodes in the Sahelo-Sudanian zone (Agnew and Chappell,
1999) the species has conserved its distribution range as far in the
extreme Sahel, demonstrating the tree resilience to dry climate condi-
tions and broad ﬂuctuations of annual rainfall. The low mortality ratio
of A. leiocarpa trees might also be a consequence of having few individ-
uals established on shallow soils where dead woody individuals arefrequently encountered during drought episodes in some common
Sahelian species like Pterocarpus lucens and Dalbergia melanoxylon
(Couteron and Kokou, 1997). The good population structure we found
in the Sudanian zones is consistent with previous studies that revealed
a quite good resilience of A. leiocarpa to the exploitation pressure and di-
verse anthropogenic disturbances (Hennenberg et al., 2005; Schumann
et al., 2011) which appear to be the main constraints the species faces
in this region. Such an interpretation is in line with Ouédraogo et al.
(2005) who conclude that A. leiocarpa supports anthropogenic pressure
better under humid climatic conditions. The aggregative distribution of
trees in the Sahel zones is in relation with the species preference of wet
sites (e.g., shallows, banks and depression lands) where it is conﬁned.
This population pattern of A. leiocarpa was reported by Couteron
and Kokou (1997) who related it to the inﬂuence of edaphic
conditions. Sambaré et al. (2011) have identiﬁed A. leiocarpa among
the ﬁve most abundant species in the Sahelian watercourses. In the
Sudanian zones, the species is very common and occurs in various
sites, explaining the random distribution of trees our analyses have
revealed. The aggregative distribution of recruits can be explained by
both seeds' dispersal mode and regeneration mechanisms. Although
mature fruits of A. leiocarpa are light and easy to be carried by wind,
abundant fruits fall around mother-trees where they meet good soil
and litter conditions for their germination. Previous studies showed
that A. leiocarpa has the ability to regenerate by both sexual and asexual
ways (Bellefontaine, 1997; Bognounou et al., 2010). Regeneration by
vegetative propagation is spatially limited (Puig et al., 1998; Bationo
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Fig. 5. Curves describing the relationships between stem diameter and tree height of A. leiocarpa across the phytogeographical zones.
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species usually recruiting by seeds indicates an ecological plasticity to
adapt to disturbances and environmental hardness (Tremblay et al.,-0.8
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dient on the growth and survival parameters of a wide distributed savan-
na tree, Prosopis africana (Weber et al., 2008); A. leiocarpa is likely to
exhibit the same related-ecological behavior. Hennenberg et al. (2005)
have identiﬁed A. leiocarpa as a key pioneer species at savanna-forest
boundaries that facilitates the establishment of the forest through its
good capacity of regeneration. This conclusion suggests that by colonizing
the stand, A. leiocarpa offers favorable habitat conditions for the recruit-
ment of many other species. Ouédraogo (2006) has found higher
woody species richness in A. leiocarpa stands amongmany plant commu-
nities in the sub-Sahelian and north-Sudanian zones of Burkina Faso.
Because it has a widespread distribution and is a dominant species
(Thiombiano et al., 2006;Ouédraogo, 2006), high number of other species
is associatedwithA. leiocarpa. A shift in the structure of such a species nat-
ural stands has large-scale community consequences (Mueller et al.,
2005).
Our research shows that A. leiocarpa trees have a great ability to
support broad variations of climatic conditions. This is manifested by
its wide distribution range from the extreme Sahelian to the south-
Sudanian phytogeographical zones of Burkina Faso which mean annual
rainfall range is 600 to 800 mm (Hijmans et al., 2005). The species has
survived to different severe drought episodes in the Sahel, notably the
rainfall declining and subsequent drought since the 1970s (Agnew
and Chappell, 1999). Even though A. leiocarpa prefers humid sites in
the Sahel, these sites are also affected by dryness during drought.
Due to the high vulnerability at the seedlings and saplings stage
(Ouédraogo et al., 2006a, 2006b) it is evidence that the rejuvenation
of populations is unpredictable in the extreme harsh conditions. How-
ever, the species is fairly resilient to the anthropogenic disturbances
and exploitation pressure in the Sahelo-Sudanian and Sudanian zones
and shows general good regeneration potentials. This is illustrated by
widespread and younger populations across the sub-Sahel–north-Sudanian transect. Through its great ability to restore forest cover
(Hennenberg et al., 2005), A. leiocarpa is a key species for habitat regen-
eration and consequently favors plant diversity richness. Regarding its
wide distribution range, the species may act as good barometer of
changes in climate conditions. Thus, there is a need to investigate the
phyllogeography of A. leiocarpa as a relevant research perspective in
order to identify the biological determinants of the effective adaptation
of the species to the broad climate variations. The results of such study
will provide useful information that can serve for sustainable exploita-
tion and conservation management of the species resources. Morpho-
logical parameters of trees reveal a high potential of timber that could
be sustainably exploited to give added value to dense populations. At
the same time, managing strategies should pay attention to the species
communities by considering its natural stand patterns in the health
state appreciation of ecosystems.Acknowledgments
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